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Abstract. The average amounts of mercury, PCBs, and 5; DDT (primarily 
DDE), found in macrozoobenthos, on the wet basis, in Lake Pfiijiinne, 
Finland, for the time period 1972-1974, were 79 ng/g, 29 ng/g, and 8 ng/g, 
respectively. Lindane was found in negligible amounts in only 2% of the 
samples examined; aldrin was present in 10% of the samples; no dieldrin was 
detected. Mercury and PCB concentrations varied regionally in the lake. PCB 
and 5; DDT concentrations were greater in the predatory bottom animals than 
in the herbivores or detritus feeders, and the amounts of chlorinated hydro- 
carbons were greater in profundal animals than in littoral animals. No signifi- 
cant correlation was apparent between the amount of residues found and the 
weight of the animal (e.g. Anodonta). A significant positive correlation was 
evident in the amounts of PCBs and 5; DDT in most of the taxonomical 
groups. Spongilla lacustris and Anodonta piscinalis were excellent species 
for monitoring purposes. 

Mercury and chlorinated hydrocarbons were determined in aquatic vascular 
plants, plankton, sediment, zoobenthos, fish and aquatic birds which were 
sampled during the period of 1972-74 from Lake Pfiij~nne, Finland (Sfirkk/i et al. 
1978). Our knowledge of the amounts of these contaminants in the lake are quite 
poor, and the aim of the present study was to examine the zoobenthos in a food 
chain investigation. The main problems were to find the possible annual and 
regional differences, bioaccumulation, differences between the quantities in the 
different taxonomical or in certain ecological groups as well as the correlations 
between the different residues. Comparisons were also made with the results of 
other investigations concerning the residue amounts in the zoobenthos. 

Lake Pfiij~inne receives wastes principally from three origins (Figure 1). 
Sulphite and sulphate pulp mill wastes come from the north in the upper part of 
the watercourse. The second part of the wastes is discharged into the northern 
part of the lake from the town of Jyv~tskyl~i via a small Lake Jyv~sjS.rvi (station 
1), and these effluents contain urban sewage in addition to the effluents from a 
paper mill. The third source of wastes is in the central part of the lake near station 
3, which receives effluents from a sulphite pulp mill, two paper mills, and a minor 
amount of domestic wastes. When flowing from north to the central part, the 
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Fig. 1. Lake P/iij/inne and the sampling stations 1 to 5. 

water  becomes practically clean; another gradient can be seen from the central 
part  (station 3) to the southern part  (station 5), which is quite clean. 

Mercury was used as a slimicide until 1968 in the Finnish wood processing 
factories. Losses  into the waters as slimicides and as an impurity in caustic soda 
were estimated during the period 1953 to 1966 to have been 4.1 tons annually 
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( H / i s ~ n e n  1973). B a s e d  o n  p r o d u c t i o n  f igures  o f  t h e  w o o d  p r o c e s s i n g  i n d u s t r y ,  

a b o u t  20% w a s  d i s c h a r g e d  in to  L a k e  Pfiij~inne annua l ly .  T h e  u s e  o f  D D T  a n d  
P C B  in F i n l a n d  has  b e e n  neg l ig ib le ,  and  t h e  a m o u n t  o f  D D T  so ld  in F i n l a n d  f r o m  

1953 to  1971 w a s  229 t ons ,  b u t  its u s e  has  b e e n  p r o h i b i t e d  s ince  1971 ( M a r k k u l a  
1972). A p p r o x i m a t e l y  240 t o n s  o f  P C B  c o m p o u n d s  w e r e  u s e d  in F i n l a n d  in 1969, 
(Rautapf i~  1972). 

Methods 

Total mercury analysis was made in 284 samples and chlorinated hydrocarbon analysis in 114 
samples, representing the most important biomass of the macrozoobenthos. Sampling was made 
primarily with a quadrangular dredge from the sublittoral and with a sledge from the profundal zone. 
Scuba diving was employed in the sampling of Anodonta in addition to the dredge. A motor pump was 
used in the sifting and the sieve was made of stainless steel net, 0.66 x 0.66 ram. The samples were 
frozen in cardboard boxes. 

Total mercury determinations were made by flameless atomic absorption, following the proce- 
dure of Hatch and Ott (1968) with a Coleman MAS-50 mercury analyzer. A sample of 0.5-1.0 g wet 
material was homogenized in an Erlenmeyer flask with 0.5 ml water and 10 ml concentrated sulphuric 
acid (Merck, p.a.). The flask was kept in an ice-bath. The flask was covered with a plastic film and 
stored at 60~ for 4 hr. After cooling, 15 ml KMnO4 (6%) was added from a burette and the flask was 
stirred in the ice bath. The sample was diluted to 100 ml and 2 ml hydroxylamine hydrochloride (20%) 
and 1 ml SnC12 (40% in 5% sulphuric acid) were added and the analysis was made immediately. A 
stock solution of HgC12 (Merck, p.a.) was used as a standard. 

The procedure for the analysis of chlorinated hydrocarbons was as follows: After liquefying the 
sample material, one g of sample was weighed and ground in a mortar with acid-washed sea sand 
(Merck) and anhydrous sodium sulphate (Merck, p.a.). The sample was tl~msferred to a glass 
container and kept at room temperature for 48 hr. The fat extraction and its quantitative determination 
was carried out by a Soxhlet method (Hattula 1973). The solvent used was a mixture of petroleum 
ether, diethyl ether, acetone and n-hexane (8:2:11:5 v/v). The cleanup was carried out with one half of 
the fat extract by shaking with concentrated sulphuric acid and then with chromic acid (Ahling and 
Jensen 1970, West66 and Noren 1970). The resulting solution was used for the aldrin, PCB and DDE 
determinations. The second hag of the extract was purified by TLC (Hattula 1973), from which a 
fraction was collected for the DDD, DDT, lindane and dieldrin determinations. 

A Varian Model 600 gas chromatograph with a aH electron capture detector was used. The 
column was a glass coil 1.5 m long, inside diameter 1.5 ram, filled with a mixture of 8% QF-1 and 4% 
SF-96 (65:35) on Chromosorb W (acid washed, silanized) 100/120 mesh. Column temperature was 
180~ injector 225~ and detector 200~ The quantitation was made by comparing the peak heights 
of the chromatograms to the chromatograms of standard PCB and organochlorine pesticide mixtures 
(Paasivirta et aI. 1975). 

Results 

General 

T h e  l a rge s t  r e s i d u e  w a s  t h a t  o f  m e r c u r y  (Tab le  1) f o l l o w e d  b y  P C B  a n d  s D D T  
( the  s u m  o f  D D E ,  D D D  a n d  D D T ) .  L i n d a n e  w a s  p r e s e n t  o n l y  in 2 o f  114 s a m p l e s  
(in Anodonta piscinalis f r o m  s t a t i on  2, 1 ng/g,  w h i c h  w a s  t h e  l o w e s t  m e a s u r a b l e  

a m o u n t ) .  A l d r i n  w a s  f o u n d  in 12 s a m p l e s :  s t a t ion  1, Anodonta,  5 ng/g;  s t a t ion  5, 
in t e n  i nd iv idua l s  o f  Anodonta,  m e a n  4 ng/g  a n d  m a x i m u m  12 ng/g  and  in 
Spongilla, 2 ng/g.  D i e l d r i n  w a s  n o t  f o u n d  in a n y  o f  t h e  s a m p l e s  e x a m i n e d .  
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Table 1. The average amounts of different residues in the zoobenthos of the different stations in Lake 
P~tij~inne, total averages and ranges, ng/g, wet weight basis. Stations given are as in Figure 1. 

Stations 

Residue 1 2 3 4 5 Mean Range 

Total mercury 83 108 31 106 55 79 0-800 
PCB 63 23 21 29 21 29 0-102 
DDE l 1 4 5 10 7 8 0- 37 
DDD 0 0 0 0 0 0 0 
DDT 0 1 0 0 0 0 0-5 

DDT 11 5 5 10 7 8 0-37 
Lindane 0 0 0 0 0 0 0-1 
Aldrin 0 0 0 0 1 0 0-12 

Annual Differences 

The differences between the materials sampled in the years 1972, 1973 and 1974 
were tested from the whole material by Friedman two-way analysis by ranks 
(Siegel 1956). The annual amounts of  mercury were about the same, but the 
values of PCB and ~ DDT showed a significant (p < 5%) annual variation. A 
slight increase of PCBs and ~ DDT were noted. 

The annual differences were studied within each subarea by means of  the t- 
test. It was observed that the amounts of mercury decreased in the zoobenthos of  
station 1, PCB and ~ DDT increased at station 5 and ~ DDT increased at station 
4. 

Regional Differences 

One of the primary reasons for the study was to note any possible regional 
differences. Both non-parametric and parametric statistical tests were used. 
Because of the variation of e.g. annual, taxonomical and vertical factors, too, 
only the highly significant regional differences were noted (Table 2). 

The amounts of mercury and PCB were greatest at station 1. The regional 
distrikution of  2s DDT was more uniform than that of Hg and PCB. The greatest 
regional differences were seen in Pelecypoda (consisted mainly of  Anodonta) 
and Insecta (mainly Chironomidae) in which the variety of  the material was also 
the greatest. The rather easily obtainable crustacean Mysis relicta showed no 
regional differences, nor the group Crustacea as a whole. 

Differences between Taxons 

Table 3 presents the amounts of  the main residues in the different taxons. The 
quantities of mercury varied significantly (p .< 5%) between the taxons (Fried- 
man two-way analysis by ranks). 
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Bioaccumulation within the Whole Zoobenthos 

Figure  2 and  Tab le  4 show tha t  the  amoun t s  o f  PCB and 2 D D T  were  g rea te r  in 
the  p r e d a t o r y  b o t t o m  animals  than  in the  he rb ivo res  or  detr i tus  feeders .  A 
c o r r e s p o n d i n g  d i f ference  was  no t  found  in the  quant i t ies  o f  m e r c u r y .  Thus ,  it  is 
a p p a r e n t  tha t  the  ch lo r ina ted  h y d r o c a r b o n s  accmula t e  more  eas i ly  than  m e r c u r y  
in the  food  cha in  wi thin  the  zooben thos .  On the  o the r  hand,  this  m a y  p r o v e  tha t  
m e r c u r y  has  been  t r ans fe r red  to the  b o t t o m  animals  d i rec t ly  f rom the  wa te r ,  or  
f rom the  s ed imen t  or  o the r  subs t ra tes  and  no t  f rom the  food  ~chain. 

The  food-cha in  concen t r a t i on  o f  ch lo r ina ted  h y d r o c a r b o n  pes t i c ides  in the  
i nve r t eb ra t e  communi t i e s  was  also s tud ied  b y  R o s e n b e r g  (1975), who  s h o w e d  
tha t  the  resul ts  r e p o r t e d  in the  l i t e ra ture  we re  no t  who l ly  re l iable .  This  t y p e  o f  
concen t r a t ion ,  h o w e v e r ,  seems  to exis t  in the  z o o b e n t h o s  o f  L a k e  Pfiij~inne. The  
g roups  in the  t roph ic  levels  cou ld  b e  d iv ided  into more  n u m e r o u s  groups  as 
sugges ted  b y  Je rne l6v  and L a n n  (1971). W h e n  s tudying  food-cha in  concen t r a -  
t ions ,  it mus t  b e  no ted  tha t  t he re  exis ts  o m n i v o r o u s  spec ies  and  changes  in food  
habi t s  (Rosenberg ,  1975). A l so ,  when  wide r  t axons  are  s tudied ,  the re  m a y  be  
grea t  d i f fe rences  in feed ing  habi ts  b e t w e e n  the  spec ies  o f  a cer ta in  group;  and  the  
dep th  and the  season  m a y  affect  the  feeding  habi t s  and  the  res idue  
concen t ra t ions .  

The  p ro funda l  an imals  con ta ined  signif icant ly m o r e  PCB and ~ D D T  than  the 
l i t toral  an imals  (F igure  2). I t  mus t  be  no ted  tha t  the  d i f ferences  o b s e r v e d  
b e t w e e n  the  l i t tora l  and  p ro funda l  f auna  m a y  be  due to the  h igher  fat  con ten t  o f  

Table 2. A summarized presentation on the regional differences of the amounts of total mercury, 
PCB, and ~DDT in the zoobenthos of Lake P~iijfinne 

Tile regional data compared Statistical tests 

Residues having Regions having 
significant the greatest 
variations amounts 

Total regional averages (see Table 1) t-tests PCB Station 1 
Annual regional averages Analysis of variance PCB a Station 1 

" Analysis of variance I~DDT a Station 4 
Regional averages of different taxons Friedman test 

" Analysis of variance PCB Station 1 
" Analysis of variance ~DDT Stations 1 and 4 

Regional averages of taxonomical Friedman test - -  
groups 

Regional averages of taxonomical- t-tests and analysis Hg b Stations 1 and 2 
ecological groups mentioned in of variance 
Table 4. 

" t-tests and analysis PCB b Station 1 
of variance 

" t-tests and analysis ~DDT bc Station 1 
of variance 

a In 1973. 
b Pelecypoka, Insecta, herbivores and littoral animals having the greatest regional differences. 

The analysis of variance showing no significant regional differences. 



Table  3. A v e r a g e  amoun t s  of  total  m e r c u r y ,  PCB and  ~; D D T ,  ng/g,  we t  weight  basis,  in different  

zooben thos  taxons .  S.D. = s t anda rd  devia t ion.  H e  = principal ly he rb ivo re  or  detr i tus feeding taxon,  

Pd = mainly  p reda to r ,  Li  = s a mp le d  main ly  f r o m  the fittoral zone ,  Pr  = s amp led  mainly  f r o m  the 

p rofunda l  zone .  

Tota l  m e r c u r y  PCB 

N o  T a x o n  M e a n  S.D. n M e a n  S.D. n 

1 Spongilla lacustris (L.)  173 311 6 5 5 6 

2 Anodonta piscinaIis Nilss.  54 49 88 25 16 64 

3 Sphaer idae  32 35 5 - -  - -  - -  

4 Sphaerium corneum (L.)  10 15 5 - -  - -  - -  

5 Pisidium spp. 14 19 9 7 2 2 

6 Crastropoda, misce l laneous  11 4 2 - -  - -  - -  

7 VaIvata piscinalis (Miill.) 37 25 6 - -  - -  - -  

8 B#hynia tentaculata (L.)  15 13 3 - -  - -  - -  

9 Lymnaea stagna6s (L.)  3 - -  1 - -  - -  - -  

10 L. peregra (Miiller) 5 3 3 15 - -  1 

11 Planorbarius corneus (L. )  14 7 6 - -  - -  - -  

12 Planorbidae ,  miscell .  33 47 2 - -  - -  - -  

13 Ol igochae ta  35 39 5 - -  - -  - -  

14 Tubif icidae 161 - -  1 - -  - -  - -  

15 Hi rud inea  23 31 3 42 16 2 

16 Mysis relicta L o v e n  46 26 9 33 17 4 

17 M. re#cta, 0 +  year-o ld  12 4 2 45 30 2 

18 M. relicta, i +  year -o ld  58 4 2 29 6 2 

19 Asellus aquaticus (L.)  55 111 5 - -  - -  - -  

20 Pallasea quadrispinosa Sars 50 80 14 30 14 4 

21 Gammaracanthus lacustris (Sars) 336 567 4 - -  - -  - -  

22 Pontoporeia affinis Lindstr .  72 88 5 42 - -  1 

23 Astacus astaeus (L.)  308 208 5 - -  - -  - -  

24 Acar i  60 79 8 - -  - -  - -  

25 E p h e m e r o p t e r a  215 305 6 - -  - -  - -  

26 Ephemera vulgata (L.)  39 20 6 35 18 4 

27 O d o n a t a  56 40 3 - -  - -  - -  

28 Siafs spp.  33 25 3 - -  - -  - -  

29 T r i chop t e r a  66 64 9 45 38 2 

30 Dyt i sc idae  439 187 2 - -  - -  - -  

31 Ch i ronomidae ,  miscell .  170 240 13 39 29 7 

32 Chironomus plumosus (L.)  24 30 6 34 35 4 

33 Chi ronomini  249 424 9 25 30 3 

34 T a n y p o d i n a e  94 138 15 36 - -  1 

35 Chaoborusflavicans Meig. 47 61 8 70 21 5 

36 Cera topogon idae  25 - -  1 - -  - -  - -  

37 T a b a n i d a e  113 153 2 - -  - -  - -  

38 Miscel laneous  47 11 2 - -  - -  - -  

Tota l  mater ia l  79 154 284 29 21 114 
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Fig. 2. The average amounts of total mercury (Hg), PCB and s DDT, ng/g, wet weight basis, in the 
herbivore or detritus feeders and in the predatory zoobenthos (above), and in the littoral and 
profundal zoobenthos (below). The asterisks indicate the differences between the groups according to 
t-tests: two asterisks = p < 1%, three asterisks = p < 0.1%. 

profundal animals. According to the t-test, the difference was significant with a 
risk p < 5%. Whatever the reasons, a notable difference was observed between 
the amounts of mercury and chlorinated hydrocarbons in the bathymetric 
distribution. 

Bioaccumulation within Separate Species 

Eighty-eight analyses of  mercury and 64 of  chlorinated hydrocarbons of Ano- 
donta piscinalis of various sizes were made. The dependence of the concentra- 
tions on the shell-free fresh weight of  the individuals was studied. The statistical 
tests were conducted separately for the mussels of each subarea by calculating 
the regression equation for the dependence of  concentration on the weight and by 
testing the significance of the coefficients. The dependence of  the quantities of 
PCB and ~; DDT on the animals' weight was not significant, and in most cases the 
amounts of  chlorinated hydrocarbons seemed to be the smaller the greater the 
size of the animal. All the coefficients of mercury were positive, but for a 
population sampled from the station 5 only a significance level of  p < 5% was 
noted. This material of 6 individuals was sampled by scuba diving from a 
comparative hard bottom, where the mussels seemed to have grown very slowly. 

A population of Mysis relicta could be divided into two groups on the basis of  
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their size and age. The t-tests between the groups showed that the mercury 
contents in the larger individuals were higher than in the smaller ones with a risk 
p < 5 % .  

Correlations 

Correlation coefficients between the amounts of the residues as well as between 
the residues and fat contents were determined for the animal groups, as shown in 
Table 4, and for Anodonta, relict crustaceans, and other animals. The following 
correlation coefficients were determined: mercury/fat, mercury/PCB, mercury/s 
DDT, PCB/fat, PCB/E DDT, ~ DDT/fat. No significant correlations were found 
between mercury and fat, mercury and PCB, nor between mercury and ~ DDT. 
A significant (p < 5%) positive correlation between PCB/fat was found in the 
following groups: Ephemeroptera, predatory insects and littoral animals. In 
Anodonta, Pelecypoda, Mollusca, and in the herbivore or detritus feeding 
animals the correlation was negative with the same risk level. A significant 
positive correlation between ~ DDT/fat was found in Ephemeroptera and a 
negative one in the predatory insects. Significant correlations were positive 
between PCB/Ii~ DDT, and the risk level of significance was p < 0.1%. There was 
a positive correlation in most of the zoobenthos groups tested. 

The amounts of mercury in the zoobenthos material did not correlate with 
either the amounts of chlorinated hydrocarbons or fat contents. The fat-soluble 
chlorinated hydrocarbons correlated in some cases with'the fat content, but both 

Table 4. Average amounts of total mercury, PCB and ~ DDT, ng/g, wet weight basis, in the different 
taxonomical or ecological groups of zoobenthos of Lake P~jgmne. The numbers in parentheses 
indicate the codes of taxons presented in Table 3. S.D. = standard deviation. 

Total mercury PCB ~ DDT 

Mean S.D. n Mean S.D. n Mean S.D. n 

Pelecypoda (2-5) 48 48 107 24 

Sphaeridae (3-5) 18 24 19 7 
Gastropoda (6M2) 20 21 23 15 
MoUusca (2-12) 43 45 130 24 
Oligochaeta (13-14) 56 62 6 - -  
Mysis relicta (16-18) 43 26 13 35 
Crustacea (16-23) 104 202 46 34 
Insecta (25-37) 119 211 83 42 
Ephemeroptera (25-26) 127 225 12 35 
Chironomidae (31-34) 140 250 43 35 
Herbivore or detritus 
Feeding Insecta (25, 26, 29, 31-33) 137 249 49 36 
Predatory Insecta (27, 28, 30, 34-37) 94 139 34 64 
Herbivores or detritus feeders 77 150 210 25 
Predatory animals 83 167 74 44 
Zoobenthos--littoral 73 140 230 26 
Zoobenthos--profundal 103 203 54 43 

16 66 5 4 
2 2 1 1 

- -  1 8 - -  
16 67 5 4 

17 8 14 7 
15 13 15 7 
28 26 16 11 
18 4 17 6 
28 15 14 10 

27 20 15 11 
23 6 17 11 
19 94 7 8 
22 20 14 8 
20 95 7 8 
23 19 15 8 

66 
2 
1 

67 

8 
13 
26 

4 
15 

20 
6 

94 
20 
95 
19 
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positive and negative correlations were found and the significance level was low. 
However, a definite correlation was noted between PCB and E DDT. 

The correlation coefficients do not reveal any causal connections; however, 
they may provide a basis for some conclusions. The positive correlation between 
PCB and E DDT may indicate that the residues are of the same origin, food chain 
transfer and/or behavioural metabolism are similar. PCB and DDT seem to 
behave in the same way, with the difference that the amounts of PCB are, on an 
average, 3 to 4 times greater than those of E DDT. There are also correlations 
between the amounts of chlorinated hydrocarbons and fat content. Although this 
dependence is somewhat weak, it is more apparent than the dependence between 
mercury and fat content of the materials. 

Discussion 

Comparison o f  Levels with Other Investigations 

There are fewer studies on the environmental contaminants in the zoobenthos of 
freshwaters than on the marine invertebrates or on fish. The average quantity of 
mercury in the zoobenthos of Lake Pfiijfinne (79 ng/g) was approximately the 
same as the quantifies found in the comparatively clean freshwater areas of 
Sweden (Johnels et al. 1967) and France (Cumont and Montiel 1972). Not so 
smaller quantities of Hg were found in Lake Pfiij~inne than in the mercury 
polluted areas in Sweden. According to Johnels et al. (1967) and Olsson et al. 
(1973), the values in Sweden were as high as 2700 to 17000 ng/g on the wet weight 
basis. Nuorteva et al. (1975) found high mercury values in Bithynia, Ephemera, 
and Asellus. Matida and Kumada (1969) found a maximum of 45000 ng/g Hg (dry 
weight basis) in the freshwater aquatic insects which may correspond to the wet 
weight values of about 1A-%. Notable quantities of Hg were found, in the 
brackish-water or in the marine biotopes, especially near the industrial plants 
producing vinyl chloride. In shellfish, the amounts found were 11000-40000 ng/g 
(Kurland et al. 1960), and in arthropods, near the plant producing acetaldehyde 
39000-100000 ng/g, dry weight basis, (Matida and Kumada 1969). Quantities of 
mercury, lower than those found in Lake P~ifiinne, were found in the marine or 
in the brackish biotopes by G/rather et al. (1972) and Nuorteva and Hfis~inen 
(1975). 

There are few studies on the quantifies of PCB in the freshwater zoobenthos. 
In Sweden, Srdergren et al. (1972) found 2 to 12 ng/g in Gammaruspulex  and 12 
ng/g in Ephemera danica, wet weight values. The quantities of PCB found in E. 
danica were smaller than those found in E. vulgata in Lake P/iijfinne (average 35 
ng/g). Veith et al. (1977) found in Mysis relicta in Lake Superior 50-t20 ng/g of 
PCB which was much more than the corresponding average of 33 ng/g found in 
Lake Pfiijfinne. Greichus et al. (1977) found in the zoobenthos of a South African 
reservoir 1800 to 2000 ng/g of PCB on the dry weight basis. Numerous marine 
studies have been carried out: The quantifies of PCB found in mussels (mostly 
Mytilus edulis L.) were 4 to 237 ng/g, wet weight basis, in shrimps 6 to 2500, and 
in crabs 17 to 7000 ng/g (Duke et al. 1970, Giam et al. 1972, Butler 1973, 
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Tenberge and Hillebrand 1974, Bagge 1975). Some of these amounts are higher 
than those of Lake PfiijS.nne. This may be due to the fact that in the surroundings 
of Lake Pfiijiinne there are no industrial plants producing PCB or using it in their 
production. 

The quantities of ~ DDT in the zoobenthos of Pfiijfinne were smaller than 
those in the freshwater presented by Hannon et al. (1970). Veith et al. (1977) 
found 40 to 53 ng/g of ~ DDT in Mysis  of Lake Superior, which differs from the 
amounts found in Lake Pfiijfinne. In marine areas, much greater quantities were 
noted near the plantations, for which this pesticide was used (Giam et aI. 1972 
Butler 1973, Keiser et al. 1973). Also, on the coast of Ireland (Eades and 
Crowley 1970) and in the Baltic (Bagge 1975) the quantities were somewhat 
higher. In shrimps and mussels in the North Sea (Tenberge and Hillebrand 1974) 
and in mussels in Norway (Bjerk and Sundby 1970) the quantities of ~ DDT were 
about the same as those in Lake Pfiij~inne. 

On the coast of Finland (Voipio et al. 1977), the amounts of mercury in 
M a c o m a  baltica and Mesido tea  entornon were, on the average, lower than in the 
zoobenthos of Lake Pfiij~inne. The amounts of PCB were somewhat greater and 
those of ~ DDT remarkably greater than the corresponding mean values in Lake 
Pfiijfinne (Hg 66, PCB 59 and ~ DDT 39 ng/g wet weight). 

Conclusions 

On the basis of this study a slight annual increase was noted in the quantities of 
PCB and ~ DDT in Lake Pfiij~inne. The reason for this increase must be in the 
atmospheric transportation of the chemicals, because the use of PCB and s DDT 
in Finland has decreased or completely eliminated. However, a three-year 
sampling period may not be long enough to study temporal changes, and in 
addition to annual variations there are other factors which make the finding of the 
changes difficult. 

The quantities of mercury may have decreased after the usage was halted, 
and the regional distribution of mercury may be affected by its accumulation in 
the food chain and it may be greater in the oligotrophic parts of the lake than in its 
former sources (S~irkk~i et al. 1978). 

Some differences between the separate taxons were found, and chlorinated 
hydrocarbons accumulated in the predatory species more so than mercury, 
which accumulated in Mysis.  The bathymetric distribution of chlorinated hydro- 
carbons and mercury was different, which may be partly due to the differences in 
the taxonomical composition. Vertical differences in temperature and currents 
may also have an effect: a low temperature and weak movement of water in the 
profundal depths probably retard movement of the residues from the ecosystem. 
On the other hand, the stability and transformation of mercury are dependent on 
several environmental factors (e.g. Fagerstr6m and Jernel6v 1972, Jernel6v et al. 
1975) which can be remarkably different in littoral and profundal depths. 

If regional or annual differences are being sought, a problem to be considered 
is, what species or taxons should be sampled. A taxon most suitable to indicate 
the grade of contamination preferably would be one species and not a genus, 
family or a larger taxonomical unit. It must be abundant enough, easy to sample, 
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and its conten ts  should be high, if differences be tween  taxons  are seen. In  Lake  
P/iijfinne there are the following abundan t  species which are easy  to sample with 
suitable methods:  Spongilla lacustris, Anodonta piscinalis, Mysis relicta, Palla- 
sea quadrispinosa, Chironomus plurnosus and Chaoborus flavicans. Anodonta 
and Spongilla live in m a n y  subareas ,  with regard to eu t rophica t ion  and pollut ion,  
whereas  Mysis, Epherneroptera and part icular ly Pallasea avoid living in the 
most  polluted areas. Chironomus plumosus is a b u n d a n t  in the eut rophica ted  
areas only.  Larvae  of  Chaoborus are p resen t  in the whole lake but  the species is 
a b u n d a n t  in pol luted areas only (Sfirkk~i in prep.).  Anodonta and Spongilla could 
thus be r e c o m m e n d e d  as indicators  or moni to ry  organisms.  The sampling of 
Anodonta and Spongilla is easy by scuba  diving,  sufficient b iomasses  (several  
grams) of  them might be sampled  faster than  the other  species ment ioned .  
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